An adoptive transfer system was used to study the mechanism responsible for clonal dominance of the antiphosphorylcholine response in BALB/c mice. 
the BALB/c mouse lacks precursor cells specific for phosphorylcholine but contains immature cells that differentiate into specific precursors during the normal course of ontogeny. The transfer of fetal or neonatal liver cells into lethally irradiated recipients prevents the appearance of the dominant H8 clone which constitutes the majority of the clones responding to phosphorylcholine in adult BALB/c mice. However, if these cells are transferred into neonatally suppressed recipients that lack the H8 idiotype, dominance of the H8 clone can develop. The conversion of the committed immature progenitor cell into a responsive B lymphocyte precursor is a regulated event. Regulation at the level of progenitor cells determines the eventual clonal profile of the immune response to phosphorylcholine. It is suggested that selection of the dominant clone occurs at this level.
The murine fetal or neonatal liver is a significant site of lymphocyte maturation. Cells from this organ have been found to synthesize Ig, incorporate the Ig into their membranes, and bind various antigens to their surfaces (1) (2) (3) . Functionally, the young liver cells are capable of reconstituting the entire spectrum of blood cell elements in lethally irradiated hosts. The development of transferred B lymphocytes has been monitored by immunizing the recipients with several different antigens. In such adoptive transfers it has been shown that the murine fetal or neonatal liver contains cells that can mature into specific antibody-secreting cells on stimulation by a diverse array of antigens, T-dependent or T-independent, particulate or soluble: sheep erythrocytes (4, 5) ; dinitrophenol coupled to Salmonella flagella (6) , bovine serum albumin (7), or bovine gamma globulin (8) ; fluorescein coupled to bovine serum albumin (7); the bacteriophages F2, T4, and 4X-74 (7) ; hen egg lysozyme; sperm whale myoglobin; and bovine pancreatic ribonuclease (7) .
In the response to phosphorylcholine (PCho) of the BALB/c mouse which is characterized by dominance of the HOPC-8 (H8) idiotype (9) (10) (11) (12) (13) , it has been shown that liver, spleen, and bone marrow of the neonate do not contain PCho-specific precursor cells. At age 1 week, the H8 clone appears in the spleen and bone marrow (14) . This clone can be chronically suppressed by injecting neonatal mice with antiserum directed against the H8 idiotype (15). Thus, it seems that in the neonatal period the clonal pattern of the anti-PCho response is susceptible to specific immunologic manipulation (16 Anti-Idiotypic Antiserum. Antiserum to the H8 idiotype (anti-H8 id) was prepared as described (18) . The antiserum produced was absorbed on a column containing normal mouse serum conjugated to Sepharose 4B; the normal serum had been previously absorbed with PCho coupled to Sepharose 4B to remove all anti-PCho antibodies. This absorbed antiserum inhibited more than 90% of BALB/c anti-PCho plaque-forming cells (PFCs), only 40-60% of A/He anti-PCho PFCs, and none of the CBA/J anti-pcho PFCs. The antiserum did not inhibit anti-TNP PFCs of these strains.
Adoptive Transfer. BALB/c mice to be used as recipients were maintained in sterile conditions on water containing Terramycin (Pfizer Laboratories). The experimental mice were given 800 rads (8 J/kg) of total body irradiation from a 137Cs source. Fetal or neonatal liver and adult spleen were dissected under sterile conditions and gently teased through a fine screen to obtain a suspension of single cells in Hanks' balanced salt solution. Within 3 hr of irradiation, cells were injected via the lateral tail vein.
Abbreviations: PCho, phosphorylcholine; R36a, Streptococcus pneumoniae strain R36a; anti-H8 id, antiserum directed against the idiotype of the HOPC-8 plasmacytoma; TNP, trinitrophenol; PFC, plaque-forming cell. 1967
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. To exclude the possibility that the low response to PCho was due to a shift in the time of peak response, the direct PFCs in the spleen were counted at various times after challenge (Fig.  1) Proc. Nati. Acad. Sci 10 weeks later showed that more than 90% of the direct PFCs were inhibited with anti-H8 id ( Table 2) . When BALB/c mice treated as neonates with anti-H8 were used as recipients for neonatal liver cells, different results were obtained (Table 3 ). In the three experiments shown in Table  3 , the response to PCho was increased. Furthermore, clonotypic analysis of the anti-PCho responses showed that a majority of the anti-PCho response was inhibited by anti-H8 id. Although irradiated normal BALB/c mice were unable to support the development of the H8 clone from neonatal liver cells, with the use of neonatally suppressed mice as hosts in adoptive transfer, the H8 idiotype was dominantly expressed.
DISCUSSION
The H8 idiotype is dominant in the response of BALB/c mice to PCho (9-13). Even unimmunized conventional BALB/c mice have high levels of circulating H8 idiotype (23) . On the other hand, the development of this clonal dominance is easily interrupted by anti-idiotypic antiserum given at birth (15 It is known that the neonatal liver and spleen do not contain the PCho-specific precursors found in adult spleen, and that the ability to respond to PCho appears late in ontogeny (14) . Table 1 except that the recipients were neonatally suppressed with 0.05 ml of a 1:5 dilution of anti-H8 id given within 48 hr of birth. Recipient mice were at least 2 months old. Inhibition of anti-PFCs as in Table 2 .
Because there are no PCho-specific precursor cells in the neonatal liver, certain immature cells must be present which can differentiate into PCho-specific clones in neonatally suppressed mice. We have called these cells "progenitor cells." The precursor cell is separate and distinct from the progenitor cell. Precursors are committed cells that are ready to respond to stimulation by antigen (14) . In contrast, the progenitors are immature B lymphocytes that require further differentiation to become precursor cells. Without this differentiation, progenitor cells themselves are incapable of mounting an immune response.
The progenitor and precursor cell stages described here for anti-PCho responses are similar to those studied by Phillips and Melchers (4) The expression of non-H8 clones late after transfer of neonatal liver cells is similar to the delayed appearance of non-H8 idiotypes after neonatal suppression by anti-H8 id (24) . This late expression of non-H8 progenitors indicates a time-dependent regulatory event; however, we do not know the factors responsible for the delay.
As mentioned above, the PCho-specific precursor cells are manifested late in ontogeny, at 1 week of age. Although this finding has been interpreted as the late acquisition of a germline specificity (14) , regulatory influences at the level of the progenitor cell could also contribute to this delayed appearance.
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